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Specification . 

Title of the invention - 

Method of production of glass fibers for optical communica- 
tion - 



What is claimed. 



(1) A method of production of a glass fiber for optical com- 
munication with the characteristic that a coating composition 
that is set by electron beams, with a glass transition tempera- 
ture of the set coating material of -200 c or less or 700 C or 
more, is painted on the surface of the glass fiber for optical 
communication, and that the said coating composition that is set 
by electron beams, is set by irradiation with electron beams of 
50 KeV to 600 KeV . 

Detailed description of the invention. 

This invention pertains to a method of production of a glass 
fiber for optical communication, and with more details, it per- 
tains to a method of coating of the fiber for optical communica- 
tion with a coating material. 

In general, the material of glass fibers for optical communi- 
cation that is made by spinning of an optical glass material 
such as quartz, has various charcterist ic features such as a 
small loss of transmission of light, a high flexibility and in 
addition a light weight. In recent years, attention has been 
paid to these characteristic features of the glass fibers, and 
they have come to be used in various kinds of communication ca- 
bles, communication channels in buildings and communication cir- 
cuits in cars etc. 

In order to maintain flexibility, in general glass fibers for 
optical communication usually have a diameter of 200 micron or 
less. It is known that in the course of time, the strength of 
such glass fibers declines by the influence of humidity etc. 
Moreover, in the process .;of production of glass fibers, fine 
cracks are readily produced in the surface, and by these cracks, 
mechanical strength declines, and by adsorption of the humidity 



in the air, water invades in the cracks, and they grow wider, 
and the mechanical properties have a tendency to further deteri- 
oration. Therefore, it is difficult to use glass fibers as such 
as the medium for optical communication, and as is well known, a 
coating is performed on glass fibers for optical communication. 

In the method of coating of glass fibers for optical communi- 
cation, various methods of setting of coating materials, such as 
the method of heating (patent disclosure 54-158942 (1979), pa- 
tent disclosure 55-140741 (1980)) and the method of setting by 
ultraviolet rays, have been investigated, and it is said that a- 
mong them, ultraviolet settable coating materials that have a 
number of advantages, are useful as a primary coating material, 
from the viewpoint of productivity of glass fibers for optical 
communication. As this method, for instance patent disclosure 
54-42496 (1979) and patent disclosure 55-42246 (1980) can be 
mentioned. The spinning of glass fibers for optical communica- 
tion is carried out with the use of heating sources such as a 
high frequency heating furnace, resistance heating furnace, oxy- 
gen-hydrogen flame, carbonic acid gas laser etc. As is carried 
out in patent disclosure 54-42496 (1979), the painting of the 
glass fiber is carried out by painting an ultraviolet setting 
resin composition immediately after the spinning of the fiber, 
before it touches another solid material, and fusing and drying 
it in the time wherein it reaches the winding machine. For com- 
plete fusion and drying, it was necessary that the distance from 
the spinning furnace to the winding machine is long, that a long 
drying furnace is installed, or that spinning is carried out 
with an extremely slow linear speed, and in order to raise pro- 
ductivity, an extremely big installation was necessary. 

Moreover, for the control of the accuracy as a fiber for op- 
tical communication, a linear speed at or above a certain value 
is necessary in the spinning, and consequently, production at a 
high speed is necessary. As one of such methods, the method 
wherein the coating material is set by ultraviolet irradiation 
has been proposed in patent disclosure 54-42496 (1979). 

For setting of photosetting resins by ultraviolet rays, how- 
ever, the order of about 100 m/ minute is the limit, and when a 
rise of productivity is wanted, the installation is large and 
running costs and maintenance costs rise to a high level. 

The present inventors discovered a method of coating of glass 




fibers for optical communication wherein the weak points of the 
existing methods have been eliminated, and a much better produc- 
tivity than in the ultraviolet setting method is obtained, and 
they achieved the completion of this invention. 

This invention pertains to a method of production of a glass 
fiber for optical communication with the characteristic that a 
coating composition that is set by electron beams, with a glass 
transition temperature of the set coating material of -200 c or 
less or 700 C or more, is painted on the surface of the glass 
fiber for optical communication, and that the said coating com- 
position that is set by electron beams, is set by irradiation 
with electron beams of 50 KeV to 500 KeV. 

In this invention, an electron beam setting coating composi- 
tion with a glass transition temperature of the coating material 
after setting of -200 C or less or 700 C or hoger, is used as 
the coating material of the glass fiber for optical communica- 
tion . 

Such electron beam setting coating compositions are obtained 
by mixing monomers for adjustment of the glass transition tem- 
perature and additives if necessary, with unsaturated polymers 
or unsaturated oligomers. 

The unsaturated polymers that are used in this invention are 
coating forming resins that can crosslink and polymerise by ir- 
radiation with electron beams, viz., resins that can be polymer- 
ised and set by the energy of electron beams, wherein basic res- 
ins with saturated bonds as the skeleton, that have functional 
radicals, as is shown in table 1, and vinylic monomers (examples 
shown in table 2) that have radicals that can carry out an addi- 
tion or condensation reaction with the said functional radicals, 
are reacted with the well known existing reaction methods, and 
as the basic resin, for instance one or two or more that are 
chosen form acrylic resins, polyester resins, epoxy resins, ami- 
no resins (for instance melamine resin), polyamide resins, poly- 
urethane resins, vinyl resins, silicone resins, and dienic res- 
ins etc., can be mentioned, and examples of the functional radi- 
cals in the vinylic monomer that should be reacted with the var- 
ious functional radicals that are present in these basic resins, 
are as shown in table 1 . ..Moreover, concrete examples of vinylic 
monomers that have such functional radials are as shown in table 
2. 
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Moreover, the unsaturated oligomers are for instance com- 
pounds with 2-4 polymerisable vinyl radicals with a molecular 
weight of 1000 or less, and concrete examples thereof are dial- 
lylphthalate , et hyleneglycoldi( met h ) aery late , tet ra-ethylene- 
glycoldi(meth )acrylate , bis- (ethyleneglycolphthalate )di(meth )a- 
crylate , bis- ( diet h ylenglycolpht halat e )di( met h ) aery late , poly- 
et hyleneglycoldi( met h ) aery late , polypropyleneglycoldi (meth ) acr y- 
late, trimethylolpropanetri{meth )acrylate , the product of the 
addition reaction of the 1:1 (molar ratio) adduct of trilenedi- 
isocyanate and hydroxyalkylester of ( meth ) acr ylic acid, with 
t rimethylolethane or t rimethylolpropane , and mono- or die-ester 
compounds of polybasic acids such as pentaerythritoltetra(meth >- 
acrylate, phthalic acidanhydride , adipic acid, succinic acid, 
and hexahydrophthalic acidanhydride, and hydroxyethylacrylate , 
hydroxypropylacrylate , h ydrox yet hylmethacry late and hydroxypro- 
pylmethacrylate . 

Such unsaturated polymers or oligomers preferably have 0.5 to 
5 C\ , 3-olef inic unsaturated bonds per 1000 g resin. 



Table 1 . 
monomer 



polymerisable vinylic monomer that has a radical with 
addition or condensation reactivity with the followin 



functional radical 
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functional radi- 
cal in base resin 

hydroxy radical 



carboxyl radical 



carboxylic acid- 
anhydride radical 



epoxy radical 



functional 
radical 

epoxy radical 
carboxylic acid- 
anhydride rad- 
ical 

carboxyl radical 
isocyanate radical 
methylol radical 
alcoxymethylol 
radical 

epoxy radical 
hydroxy radical 
isocyanate radical 
amino radical 
aldehyde radical 



hydroxy radical 
methylol radical 
epoxy radical 
amino radical 

hydroxy radical 
carboxyl radical 
carboxylic acid- 
anhydride rad- 
ical 

me-thylol radical 
amino radical 
chloro radical 



concrete example 
of vinylic monomer 



in table 2 



acrolein croton 
aldehyde 

in table 2 



i6) 



methylol radical 



alcoxymethylol 
radical 

isocyanate radical 
amide radical 

amino radical 



chloro radical 



hydroxy radical 
isocyanate radical 
carboxylic acid- 
anhydride rad- 
ical 
alcoxymethylol 

radical 
epoxy radical 
aldehyde radical 

chloro radical 

hydroxy radical 
methylol radical 

hydroxy radical 
methylol radical 

chloro radical 
aldehyde radical 

amide radical 

epoxy radical 
carboxyl radical 
aldehyde radical 

carboxylic acid- 
anhydrode rad- 
ical 

chloro radical 

epoxy radical 
methylol radical 
amide radical 
amino radical 



ill 



(6) 

<4) ^ . '• 
acrolein croton 

aldehyde 
(10) in table 2 

U! ■ 
U! : 

(10) 

acrolein croton 

aldehyde 
(8) in -table 2 

(A) 

(2) , . " 
acrolein croton 

aldehyde 

(3) in table 2 
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Table 2. 

functional radical 
(1) hydroxy radical 



(2) carboxyl radical 



(3) carboxylic acid- 

anydride radical 

(4) epoxy radical 



(5) methylol radical 

(6 ) alcoxymethylol 

radical 

(7) isocyanate radical 



(8 ) amide radical 

(9) amino radical 



vinylic monomer 

hydroxyethyl aery late 
hydroxyethyl met hacry late 
hydrox ypropyl aery late 
hydroxy propyl metnacr ylate 
allylalcohol 

acrylic acid 
metnacrylic acid 
itaconic acid 

maleic acidanhydride 
itaconic acidanhydride 

glycidyl acrylate 
glycidyl metnacr ylate 
aryl glycidyl ether 

methylol acrylamide 

alkyl (methyl, ethyl, isopropyl, bu- 
tyl, amyl) ether compound of meth- 
ylol acrylamide 

cyanoacr ylate 

1:1 (molar ratio) adduct of hydroxy 
radical containing vinyl monomer 
and di-isocyanate compound (for 
instance adduct of 1 mol hydroxy- 
ethyl methacrylate and 1 mol tri- 
lene di-isocyanate ) 

acrylamide 
metnacrylamide 

aminoalkyl methacrylate 
aminoalk yl acrylate 



(10) chloro radical 



acrylic acid chloride 
methacrylic acid chloride 
vinylchloride 
vinyl idene chloride 

hydrochloric acid adduct with epoxy 
radical of glycidyl acrylate and 
glycidyl met hacry late 



As the unsaturated monomers that, as has been mentioned a- 
bove, are combined with unsaturated polymers or oligomers, acry- 
lic acid and esters thereof, methacrylic acid and esters there- 
of, aromatic vinyl monomers, vinylacetate and vinylether etc. 
can be used. As typical examples thereof, methylacr ylate , ethyl- 
acrylate, propylacrylate , but ylacr ylate , ethylhexylacr ylate , oc- 
tylacrylate, decylacr ylate , laur ylacr ylate , carbitolacr ylate , 
methylmethacr ylate, ethylmethacr ylate , propylmethacr ylate , bu- 
t ylmethacrylate , ethylhexylmethacr ylate , oct ylmethacrylate , de- 
cylmethacrylate , laurylmethacrylate , carbitolmethacr ylate , hy- 
drox yet h ylacr ylate , hydroxypropylacr ylate , hydroxyethylmet ha- 
crylate, hydroxypropylmethacr ylate , ether compounds of alkylene- 
oxides such as ethyleneoxide , propyleneoxide and butylene oxide, 
and hydroxyethylacrylate , hydroxypropylacr ylate hydroxyethyl- 
methacrylate and hydroxypropylmethacyrylate , and acrylic acid, 
methacrylic acid, styrene and vinyltoluene etc. can be mention- 
ed . 

The electron beam settable coating composition of this inven- 
tion is obtained by mixing of the unsaturated polymers and oli- 
gomers and unsaturated monomers as have been mentioned above, 
and proper mixing thereof so that the desired glass transition 
temperature is obtained. Polymers that give a glass transition 
temperature of -200 C or less, can be properly chosen from poly 
butadienic, acrylic, urethane, and modified polyester systems, 
and on the other hand, polymers that give a glass transition 
temperature of 700 C or higher, are in general chosen from aery 
lie, polyester, epoxy and silicone systems etc. Moreover, by ad 
mixture of unsaturated oligomers with 2, 3 or 4 functions, the 
effect is obtained that the cross linking density is increased 
and that the glass transition temperature is raised. 

In the electron beam settable coating composition that is us 
ed in this invention, additives such as pigments, dyes and fil- 
lers, that are usually u^ed in paints, can be mixed, if wanted, 
in addition to the above mentioned indispensable components. 

As has been discussed above, an electron beam settable coat- 




ing composition with a glass transition temperature after set- 
ting of 700 C or higher or -200 C or less can be obtained in a 
simple way by mixing unsaturated monomers and, if wanted, mixing 
additives, with unsaturated polymers or unsaturated oligomers - 
In the production of fibers for optical communication by apply- 
ing the thus obtained coating composition on the glass fiber for 
optical communication and setting, for instance a production in- 
stallation as is shown in figures 1-3, is used. In these figures 

1, 7 and 14 are spinning furnaces with high frequency heating, 

2, 8 and 15 are glass fibers that have been spun, 3, 9 and 16 
are installations for coating of the electron beam settable 
coating composition, 4, 10 and 17 are electron beam irradiating 
installations, 11 is an after-heating device, 18 is an ultravio- 
let irradiating device, 5, 12 and 19 are guide rollers and 6, 13 
and 20 are winding machines. 

In the application of the electron beam settable coating com- 
position on the surface of the spun glass fiber, it is useful if 
the thickness of the applied film of the coating composition 
whereof the glass transition temperature of the coating film af- 
ter setting is -200 c or less, usually is 10-200 microns, and on 
the other hand, it is usually 5-50 microns in the case that the 
glass transition temperature is 700 C or higher. In the former 
case, deterioration of water resistance of the coating film ac- 
celerates when the film thickness is less than 10 microns, and 
the transparency for electron beams deteriorates if it exceeds 
200 microns. In the latter case, water resistance deteriorates 
when the film thickness is less than 5 microns, and flexibility 
of the coating film deteriorates if it exceeds 50 microns. 

For fibers for optical communication, it is necessary that, 
in the temperature range wherein it is usually used, the specif- 
ic volume of the coating material actually does not change, and 
when the specific volume changes, the effect is that fiber for 
optical communication produces microbendings , and that the 
transmission loss of light increases. In fibers for optical com- 
munication whereon the electron beam settable coating composi- 
tion of this invention, with a glass transition temperature of 
the set coating material of -200 c or less or 700 c or higher, 
has been applied, however, changes of the specific volume of the 
coating material in the temperature range wherein it is usually 
it<£oH strti-i i» 1 1 V Hrk«»5i nrki" orsrsiir , and conseauent 1 V , defects as have 
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been mentioned above do absolutely not occur. 

Accelerators of the electron beam generating source that is 
used in the electron beam irradiation after application of the 
electron beam settable coating composition, are for instance the 
Cockroft type, Cockrof t-Walton type. Van de Graaff type, reso- 
nance transformer type, transformer type, insulated core trans- 
former type, dynamitron type, linear filament type, and high 
frequency type etc. The proper range of the energy of the elec- 
tron beam whereby the applied film of the electron beam settable 
coating composition of this invention is set and dried, is 50 
KeV to 500 KeV, and preferably 1O0 KeV to 300 KeV. A proper 
quantity of irradiation is 0.2 Mrad to 15 Mrad, and preferably 1 
Mrad to 5 Mrad. In the case that the quantity of irradiation is 
less than 0.2 Mrad, the setting of the coating material is not 
complete, and a sufficient performance of the applied film is 
not obtained. Moreover, if the quantity of irradiation exceeds 
15 Mrad, this also exerts an influence on the glass fiber, and 
has the risk that a deterioration of mechanical strength is 
brought about - 

In the case that electron beams are radiated on a wide ob- 
ject, it is necessary to spread the electron beam homogeneously 
in the lateral direction, and typical methods therefore are the 
usual scanning method and linear filament method (American pa- 
tent 4246297). With both methods, ones with a width in the order 
of ca. 1 m are actually used in general for the setting of the 
coating material. Because the basic material of the glass fiber 
for optical communication in itself is very fine (200 microns or 
less), a length of the electron beam irradiation of several mi- 
crons to several tens of microns in the lateral direction is 
sufficient. In case of the linear filament type, a more effec- 
tive, high running speed is obtained, and also productivity can 
be greatly improved, if the fiber of the device for application 
of the electron beam setting coating composition is vibrated in 
the direction that is parallel to the filament - 

Because electron beam setting occurs instantly, stress is 
readily produced in the painted film, and in such cases, the 
stress is mitigated by after-heating by the method that is shown 
in figure 2. Moreover, in some cases colouration occurs when 
glass is irradiated by a large quantity of electron beams. In 
cit^K . in ri#»n*»r*«1 1-h*» no 1 niirat" i on is eliminated bv aivinp 
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heating energy or light energy by the method that is shown in 
figure 2 and figure 3. 

According to the method of this invention, a speed of setting 
and drying by electron beams of 160 m/min to 900 m/min in a 
length of ca. 1 m of the electron beam irradiated section is ob- 
tained, and productivity is remarkably improved, and the obtain- 
ed coating material has an extremely good volume stability, and 
glass fibers for optical communication with excellent properties 
are obtained. 

Below, further details of this invention are described by ex- 
amples of execution. Herein, 'parts* means *wt parts* . 



Example of execution 1 . 

A coating preparation that consists of 100 parts acrylated 
polybutadiene (degree of polymerisation 1000), 20 parts 2-ethyl- 
hexylacrylate , and O.I parts silicone additive, was applied 
(painted) on a glass fiber (diameter 120 ju), that had been ob- 
tained by heating the mother material at ca. 20000 C, and pull- 
ing with a speed of 200 m/min, to obtain a coating material of 
50 ju- Thereafter, the coating material was electron beam irradi- 
ated by a scanning type of electron beam accelerator with a 
speed of 200 m/min in the direction that is parallel to the 
scanning direction, under the conditions of an electron beam en- 
ergy of 300 KV and an electronbeam current of 30 mA. The scan- 
ning width was 60 cm, and the width of the electron beam was ca. 
3 cm. The glass transition temperature of the obtained coating 
material was -480 C. The film thickness of the optical fiber 
that had been coated in the painting device (device for applica- 
tion) was 50 ju, and its average breaking strength was 400 kg/ 
mm2 . This coated fiber was immersed during 30 days in water at 
room temperature, and thereafter, the breaking strength was 380 
kg/mm2 . 

Example of execution 2. 

An unsaturated acrylic resin with a molecular weight of 8000 
was obtained by copolyroerisation of 60 parts n-but ylacrylate , 35 
parts ethylacrylate, and 5 parts glycidylacrylate at room tem- 
perature, and adding thereafter again 10 parts acrylic acid. By 
addition and mixing of 20 parts Aronix M-113 (trade name of 4- 
o^n wl r\H«»nrkv vf^i^Hrkv vAr^n v1 Ai- A . Toa Gosel Co . > . and 2 oarts tri- 



met hylolpropanet riacrylate in 100 parts of this resin, an elec- 
tron beam settable type of coating preparation was obtained. 

The above mentioned coating preparation was applied on a 
glass fiber (diameter 100 ju) of the quartz type, that had been 
heated and drawn at 20000 C, to obtain (a thickness of) 100 ^, 
and by an electron beam accelerator of the scanning type, elec- 
tron beam irradiation of the coating material of the painting 
device was carried out in an atmosphere of an inert gas with a 
speed of 300 m/min with an elecron beam energy of 260 KV , an e- 
lectron beam current of 40 mA, and a scanning width of 90 cm, in 
the direction that is parallel to the scanning direction. 

Thereafter, the glass fiber whereon this coating had been ap- 
plied was exposed during 2 seconds to an atmosphere of 2000 c. 
The glass transition temperature of this coated and set material 
was -250 C. 

The water resistance and boiling water resistance of the 
coated glass fiber were good. 

Example of execution 3. 

An electron beam setting coating preparation that consisted 
of 10 parts carbitolacrylate , 2 parts hexanedioldiacrylate and 1 
part silicone additive L-7001 (product of Nippon Unitika Co., 
Ltd.) in 100 parts polyether urethaneacr ylate resin (molecular 
weight 2000, 2 terminal unsaturated acrylate radicals/ 1 mole- 
cule) was obtained - 

The above mentioned coating preparation was applied on a 
glass fiber (diameter 90 p ) that had been obtained by heating 
the mother material to 200O0 C and drawing, to obtain a thick- 
ness of 20 p, and by an electron beam accelerator of the linear 
filament type, electron beam irradiation was carried out in an 
atmosphere of an inert gas, with the coating material flowing in 
the direction that is parallel with the filament. The irradia- 
tion width of the electron beam in the direction that is paral- 
lel to the filament was 60 cm, and the electron beam energy was 
200 KV, and the electron beam current was 25 mA. The radiation 
speed of the electron beam in this case was 250 m/min. Thereaf- 
ter it was after-heated during 1 second in an atmosphere of 2800 
C. The glass transition temperature of this set coating material 
was -300 C, and the strength and water resistance of the obtain- 
ed alass fiber were qood . 



Example of execution 4. 

An electron beam settable coating material that consisted of 
100 parts unsaturated acrylic resin (one wherein HEA had been 
introduced by an urethane reaction and unsaturated radicals had 
been introduced in 2 EHA, iBa, HEMA copolymer by an urethane re- 
action) (molecular weight 3000, a total of 1-5 double bonds per 
1000 molecular weight) 20 parts Toray Thiokol LP-3 (trade name 
polysulfide polymer, product of Toray Thiokol Co.), parts 
Aronix 5500 (Product of Toa Gosei Co.), 5 parts reactive diluant 
QM 672 (product of Rohm and Haas), and 0.6 parts additive (BYK 
301, product of BYK Mallinckrodt Co.), was obtained. 

A mother material with quartz glass as the main body, was 
heated to 2OO00 C, and a glass fiber was spun, and immediately 
thereafter, the above mentioned paint was applied to obtain 50 
^, and by a linear filament type of electron beam accelerator, 
this was irradiated with electron beams with an electron beam 
radiation speed of 400 m/min, in the direction that is parallel 
to the filament. 

Thereafter, it was irradiated during 0.5 sec with an ultra- 
violet lamp of 20 KW. The glass transition temperature of this 
set coating material was -290 C. 

The breaking strength and water resistance of the coated 
glass fiber were good. 

Example of execution 5. 

An electron beam setting paint that consisted of 100 parts 
epoxy acylate resin (molecular weight 600), 20 parts hexanediol- 
diacrylate, 5 parts trimerilol (trimethylol ? translator) pro- 
pane triacrylate, and 1 part silicone additive, was obtained. 

The above mentioned coating material was painted on a glass 
fiber (diameter 100 ^) with quartz glass as the main component, 
immediately after spinning, to obtain 30 p , an by an electron 
beam accelerator of the linear filament type, this was irradiat- 
ed with an electron beam with a radiating speed of 500 m/min. 

The glass transition temperature of the obtained coating ma- 
terial was 820 C, and the breaking strength and water resistance 
of the obtained glass fiber were good. 

Example of execution 6. 

Art c» 1 **/^i-i-on K«i^nm + aK 1 « na i nt that consisted of 1 0O oarts 



urethane acrylate resin (molecular weight 700), 20 parts penta- 
erythritol triacrylate, 20 parts neopent ylglycol diacrylate and 
1 part additive, was obtained. 

A glass fiber with quartz glass as the main component was 
spun by heating a mother material to 20000 c, and immediately 
thereafter, the above mentioned paint was applied to obtain 50 
ju, and by an electron beam accelerator of the scanning type, e- 
lectron beams were radiated in two cycles with a radiation speed 
of 250 m/min. 

Thereafter, it was exposed 1 second in an atmosphere of 3000 
C, and a coated glass fiber was obtained. The glass transition 
temperature of this coating material was 1050 C. 

The water resistance and breaking strength of the obtained 
glass fiber were good. 

Brief description of the figures. 

Figure 1 , figure 2 and figure 3 are schematic drawings of the 
installations for production of glass fibers for optical commu- 
nication that are used in this invention. 



The agent, patent attorney Eiji SAIGUSA 



